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Keratinocytes are a rich source of IL- l , a cytokine which 
stimulates prostaglandin synthesis in many cell types. The 
effects on arachidonic acid metabolism of this cytokinc were 
thercfore studied in cultured adult human keratillocytes. Ex-
ogenous IL-I increased basal cellular prostaglandin synthesis 
(particularly PGE2) threefold . Increased PGE;, synthesis in 
response to IL-l was inhibited by cycloheximide, suggesting 
a requirement for new protein synthesis. irradiation of the 
keratinocytes with low-dose ultraviolet light B (UVB) re-
sulted in the release of increased quantities of both lL-l and 
PGE;,. The amount oflL-1 released was sufficientto increase 
PGE;, synthesis when exogenously added to unstimulated 
K eratinocytes are a plentiful source of the cytokine in-terleukin-l (IL- I) [1-3] which stimulates prosta-glandin synthesis in many cell types. The role ofIL-l in the regulation ofkeratinocyte arachidonic acid me-tabolism has not been examined. There is ci rcum-
st:mtial evidence to suggest that IL-l and prostaglandin produccion 
are linked in the keratinocyte. because after exposure to ultraviolet 
light B (UVB, 290 - 320 11m), IL-l is synthesized and released from 
keratinocytes [4.5J in increased quantities. and UVB also increases 
keratinocyte prostaglandin synthesis [6,71. The IL-l release that 
accompanies UV -induced inflammation and injury may also regu-
late the increase in prostaglandin synthesis observed in these situa-
tions. The poten tial inhibition by prostaglandins oflL-l production 
also has nO[ been evaluated in the keratinocyte. This regulatory 
mechanism has been shown to operate in resident murine peritoneal 
macrophages. where IL-l expression is inhibited by endogenous 
synthesis of PGEz [8.9]. To understand the relationship between 
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Abhreviations: 
AA: arachidonic acid 
DME: Dulhecco's modified Eagle's medium 
FCS: fetal calf serum 
HEPES: N-2-hydroxyethylp'JX'razme-N '-2-ethanesulfonic acid 
lL-l : Incerleukin-l 
pns: phosphate buffered saline 
PCE:: prostlg landin E,: 
PGFp: prostaglandin F~ 
PJ-lA: phytohemagglutinin 
RJA: radiOImmunoassay 
UVB: ultraviolet light Ii 
cells, suggesting a causal relationship. The time course of 
accumulation of IL-l and PGE2 in the medium of irradiated 
keratinocytes was also consistent with a cause-effect rclation-
ship. No feedback inh ibition of IL-l release by the increased 
PGE2 was detected as demonstrated by the observation that 
IL-1 production in response to UVB was not augmented by 
treatment with indomethacin or blunted by the exogenous 
addition of PGE;,. These data suggest that keratinocyte lL-l 
may be partially responsible for induction of keratinocyte 
PGE2 synthesis after UVB irradiation. J b",esl Dermalo! 
94:43-46, 1990 
in terleukin release and the metabolism of arachidonic .. cid in kerati-
nocytes, the effects of exogenous intcrlcukin-l on keratinocyte syn-
thesis of metabolites of arachidonic acid, particululy PGE:z, were 
examined. In addition, the possibility of a regulamry interaction 
becween PGE2 and IL-l after keratinocyte exposure to UVB was 
examined. 
MATERIALS AND METHODS 
Keratinocyte Cultures Human keratinocytcs were isolated from 
skin removed during panniculectomies or breast reductions. The 
tissue was placed in Dulbecco's Modified Eagle's medium (OME). 
contai ning 50 Ilg/ ml fungi zone (Squibb, Princeton, N J) for 15 min, 
then rinsed 3 rimes in fresh DME. The tissue was then placed on 
gauze soaked in 0.25% trypsin in phosphate buffeted solution. This 
was allowed to incubate at room temperature overnight, then rinsed 
in 5% fe tal calf se rum (FCS) in DME with 5 units/ ml penicillin and 
5 Jlg/ ml streptomycin. The epidermis was then separated from the 
dermis with a pair of tweezers, and the cells were scraped into OME 
containing 5% FCS. penicillin, streptomycin, and 2.5 mM HEPES. 
The cells were gently triturated to break up cell clumps and rhen 
placed into petri dishes coated with collagen (Vitrogen, Flow labs) 
at a density of 3 X 106 cells per ml. Cultures were maintained at 
37°C in a 5% C02 armosphere and used for cxperimencs within 2 d 
of confluence. Cultures were maintained in 5% FCS in DME dur-
ing all experimental manipulations. The presence of serum did not 
affect the results obtained. 
Prostaglandin Measu.rem e nts Prostag landin ~ was measured 
by rad ioimmunoassay using rabbit antisera as previously described 
POl. The incubations for RIA contained the following (in a total 
volume of 0.2 ml): PGE" 2.0 to 200 pg, 0.05 M potassium phos-
phate buffer. pH 7.4. containing bovine serum albumin, 0 . 1 %; anti-
serum in 1 : 16,000 dilution and ['H]-PGE, 2,500 cpm (100 Cij 
mlllol. New England Nuclear, lloston. MA). Tubes were placed in 
the cold for 18 h and then dextran-coated charcoal was added [0 all 
the tubes (0.025% dextran, 0.15% charco .. 1 in sa line), which were 
centrifuged to pellet the charcoal. The supernatant was then dc-
0022-202Xj 90j S03.50 CopYright © 1990 by The Soclery for Investig:uive Dermatology, Inc. 
43 
4.. PENTLAND AND MAHONEY 
canted into scintillation fluid (complete counting cocktail 3a70, 
Research Products International Corp., Mount Prospect. IL) and 
counted. 
Analysis of ["C ]-AA Metabolism by the Cultures Keratino-
cyte cultures were incubated for 1 h with [I"C 1-arachidonic acid 
(0.6 uCi/ml, 60.1 mCi/mmol, Amersham Corp .) in serum free 
medium. Medium from three cultures containing a total of 5 X 107 
ce lls were pooled, acidified to pH 3.5, and extracted with an equaJ 
volume of ethyl acetate three times. The extracts were then evapo-
rated to dryness under nitrogen. resuspended in chloroform/ metha-
nol 2; t , and plated on silica gel plates. Thin layer chromatography 
was performed in system A-9 (the organic phase of ethyl acetate/ 
2,2.4-trimethylpentane/acetic acid/ H20 55: 25: 10 : 50). This sys-
tem separates prostaglandins and lipoxygcnase products [10]. Au-
toradiograms of the thin layer plates were made with X-OMA T 
XAR-5 film (Eastman Kodak). The bands that co-migrated with 
authentic standard were identified as prostaglandins and their iden-
tity confirmed by inhibition of their formation with indomethacin 
pretreatment of the culture prior to radiolabeling. 
Determination of Cellular Protein The quantity of prosta-
glandin released by the keratinocytes was normalized using the 
protein content of the cui[Ures at the end of the experiment as 
determined by the fluorescamjne method [111. The protein content 
of UVB-irradiated cultures did nOt differ by more rhan 15% from 
that of controls. 
Quantitation ofIL-1 in Supernatants Samples were assayed for 
IL-l activity by one of rwo methods. 1) Augmentation oflectin-in-
duced thymocyte proliferation by the method of Mizel et al [t 2]: 
Briefl y, I X 10' Balb/c thymocytes were cultured for 72 h in Cos-
tar flat bottom tissue culture plates in 200l'LofRPMI 1640 (Wash-
ington University Media Center) containing 5% FCS, penicillin. 
streptomycin. glutamine, 2.5 X 10-5 2-mercaptoethanol, 1 ).lg/ ml 
PHA, and serial dilutions of the samples to be tested. Prior to addi-
tion to the thymocyte assay. the samples were dialyzed overnight to 
eliminate PG~ from the interleukin-containing media. At the end 
of 72 h, cu ltures were pulsed with 0.5 I'Ci ['H]-thymidine (79.9 
Ci/mMol , New England Nuclear) for the final 6 h. Cells were then 
collected on filter paper with a PHD cell harvester (Cambridge 
Technology, Inc.), and the (lH1 activity 011 the discs counted in a 
scintillation counter. 2) Augmentation of proliferation in 0 to.G4.1 
T ce ll s, the kind gift of Dr.Emil Unanue [13]' The assay was per-
formed by incubation of2 X 10' DIO.G4.1 cells in 2001'1 per well 
with 2.5 I'g/ml Con A (S igma) in RPM I 1640 supplemented with 
10% fetal calf serum, 2 mM L-glutamine, 5mM HEPES, 0.075% 
sodium bicarbonate, 2 mg/ml glucose, O. t mM non-essential amino 
acids,5 X 1 0-5 M 2-mercaptoethanol, 1 ).lgj ml indomethacin, anti-
biotics, and serial dilutions of supernatants to be tested. D to cell 
proliferation was assessed by measuring thymidine incorporation on 
the 6nal18 h of the 72-h incubation at 37"C. Background prolifer-
ation for the assays was less than 2,000 cpm and stimulated values 
ranged between 15,000 and 30,000. All supernatants were exten-
sively dialyzed prior to analysis to decrease PG~ to below the limit 
of detection of the assay. Activity of the supernatants was compated 
to standards obtained from Cistron (IL-l {!) or the kind gift of Or. 
Peter Lomedico. Hoffman-LaRoche (IL-l a). Polyvalent rabbit an-
tibody aga inst IL-l a and lL- l P was purchased from Genzyme 
Corp, Boston. 
Irradiation ofKeratinocyte Cultures Confluent cultures were 
exposed to a bank of eight W estinghouse FS-20 bulbs, which emit 
light predominantly in the UVB range. The irradiance of the lamps 
was 1 mw/cm2/sec at 30 cm as measured by a UVX-digital radiom-
eter (Ultraviolet Products, San Gabriel, CA) and a UVX-31 probe 
with a peak absorbance at 310 nm. Cultures were initially rinsed in 
phosphate buffered saline (PBS), and then a thin layer of PBS was 
placed over the cel ls during the irradiation. The length of exposure 
was rimed to yield the desired dose. 
THE JOURNAL OF INVESTIGATIVE DERMATOLOGY 
12 
10 






'" T ~ 4 
2 
" 0 1 J 10 100 
Units IL-1 
Figure 1. Effect of exogenous addition of IL- t to conAue nt keratinocyte 
cultures. One to 100 units of rlL-la (closed circlts) or rIL-lp(optn circfts) were 
added to keratinocyte cultures at conAuence. After 24 h, the supernat2nt was 
removed and assayed for PGE:! cOlltent. N = 3 ± SliM. 
RESULTS 
Response of Keratinocytes to IL-t: Effect on Prostaglandin 
Synthesis Initial studjes were aimed at determining whether or 
not keratinocytes could respond to IL-l with increased synthesis of 
prostaglandins. Cells were used just after confluence so that their 
basal ptoS[aglandin synthesis would be low. Recombinant IL-1£1' or 
I L- Ip was added to the cultures in doses of I ,3, 10, and 100 (a only) 
units per ml, and the supernatants removed for assay of PGE2 24 h 
later. Both forms of IL-l cawed an incremental increase in PGE,: 
synrhesis up to 3 times the basal level at the highest dose tested (Fig 
J). Identical dose response data was obtained with either form of 
IL-l. This increase could be inhibited by treatment of the cultures 
with 5 ,ug/ ml of cycloheximide at the time of addition of inter leu-
kin , indicating a requiremenr for new protein synthesis (Table I). 
This dose of cycloheximide inhibited protein synthesis 80% and has 
been shown not to have any direct inhibitory effect on cyclooxy-
genase [14], the rate limi ting step in the synthesis of prostaglandins. 
Analysis by Thin Layer Chromatography of["C ]-AA Metab-
olism The profile of products that could be synthesized from 
arachidonic acid by the keratinocytes was also examined. Cells were 
incubated with exogenous [I"C}-arachidonic acid for 1 h in the 
presence or absence of t ).lg/ ml indomethacin. and the metabolites 
released into the medium were extracted and analyzed by thin layer 
chromatography. These studies showed a 300% increase in the 
quantity of PGE2 synchesized by cultures treated with 100 uoits/ml 
Il.l (l relative to untreated controls. There was also a 50% increase 
in quanti ty of PGFzCX noted. No new metabolites of arachidonic 
Table I' . lL-1 Stimulated PGE, Release is 
Inhibitable by Cycloheximide 
Control Contro l + CHX It.-I IL-I + C HX 
pg PGE,jl'g 0.2 0. 15 0.84 0.14 
Protein 
['HI Leucine 395,3 10 51,210 378,270 43,760 
• Cultures w('r(' tre;ued as indIcated at Ulne - O. After 24 hours. supernarants w('re 
harvested and PG~ assayed. ['HI-Leucine in acid-prcclpitable protem was measured [0 
indicate the eff«t of cycloheximide. The avenge of duplie:l.t(' determinnions from;l 
r('prcs('ntniv(' experiment is shown. Th(' experiment was r('pealed once with Identical 
results. 
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Figure 2. Densitometric scan of a representative thin layer chromatogra-
phy autoradiogram. Kerarinocyte cultures were treated with 100 unirs/ rnl 
I L.- Ia for 24 h. then incubated with exogenous tHe I-arachidonic acid for 
1 h in the presence or absence of 1 pg/ml indomethacin (INDO), and the 
products scpar:ned by thin layer chromatography. A scan of the autond,o-
gum reve:llied that 3 times the quantity of PGEz is formed in Il- Ia-treated 
cells as In controls. and that two times the PGFp is formed. The cxpcnment 
was repeated With identical results. 
acid wcre induced by treatment with IL-la (Fig 2). Because PG~ 
was most affected by IL-ta treatment and was present in the great-
est quantity, PG~ was the metabolite monitored in subsequcnt 
experiments. 
T ime Course ofPGE1 Production The time course of IL- I-in-
duced stimulation in the keratinocyte cultures wa~ investigated by 
monitoring accumulation of PG~ in the culture supernatant after 
addition of 100 units of IL-ta. Increased synthesis of PG~ was 
detectable 2 h after addition of the exogcnous IL- I , with maximally 
increased Icvels by 8 h after addition of the hormone (Fig 3). The 
timing of the I L-I-induced stimulation suggested that thc increase 
in PG~ that occurs after cxposure ro UVB might be mcdiated by 
increased Icvels of endogcnous IL-I. To determine whethcr the 
increascd level of PGE2 could thcn suppress the UV -induccd syn-
thesis of IL-I , confluent keratinocyte cultures were exposed to doses 
of UV light between 15 and 75 mj/cm2. Twenty-four hours after 
exposure to light, the supernatants wcre removed and assayed for 
PGE2 and Il.l COntent (Fig 4). Because PG~ suppresses Il.l in-
duced lymphocyte proliferation. the supernatants wcrc cxtensively 
dialyzcd to remove PGE2 before placemcnt in thc thymocytc or 
D-IO assay. The quanrity of IL-I produced by irradiatcd kerat-
inocytes was directly related to the dose of light and the increase in 
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Figure 3. Time course of the Tl-la efreer on hratinocyre cultures. One 
hundred unir5 of lL-la werc added at nme O. and subsequent producrion of 
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Figure .. . Effect ofUV light on PGE2 (dosed circles) and fl- t (tlost'd triangles) 
accl1Il1ul :ning In the medium of Lrradiated keratinocyte cultures. Cultures 
were irr3diated with the doses of light indicated. and the quantity ofll-l or 
PGE, that acculllulated in the medium over [he next 24 It was me:uurcd. 
N - 4 ±SEM. 
may mediate UVB-induced increases in PGE2 synthesis by keratino-
cytes. 
R egulatory Interaction ofPGEz and IL-t The effect of indo-
methacin 011 the releasc of IL-t after UV cxposurc was tested to 
dctermine if prostaglandins synrhesized by ke ratinocytes could 
down-rcgulate IL-l release by kcra tinoctyes. Treatment of the UV-
irradiated ce lls with indomethacin before or after UV exposure did 
not significantly affect the quantlty of I L- l tha t was secreted by the 
cells inco the medium, nor did the exogenous addition of the prosta-
glandins synthesized by keratinocytes, PGE, or PGF,o (Fig 5). Sim-
ilar results were obtained when fL.1 accumulation in thc medium 
was mC2surcd at 8 hand 48 h after UV irradiation. 
Polyclonal rabbit ami- IL-l ancibody (which neutralizes IL- Ia or 
IL-I/1) was used co demonstrate possible cndogenous IL-t regu la-
tion ofkcratinocyte PG~ synthesis. The antibody was ab lc [0 block 
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Figure 5. Lack or elTect ofindomethacm. I)G~, or PGFp on the accumu-
lation of IL- I III Irradiated cultures over the first 24 h post irradiation. 
Kcrltmocyles were Ifradiated with 30 n~/cm2 UVB then treated with indo-
merhaclll I/ls/ ml and PGE2 0r PGFzll'. uyclsorpC~ were documented by 
RIA. N - 3 ± SEM. 
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thymocyte proliferation induced by keratinocyte conditioned su-
pernatants. However, when sufficiem .:loIltibody was added to kerat-
inocyte cultures to neutralize the :IImount of IL-l usually released 
after exposure to ultraviolet light, the antibody directly induced 
PG~ synthesIs by the culrures. Thus, studies of the endogenous 
regulation ofkeratinocyte PGE2 metabolism by IL-l were not feasi-
ble. The effect was not due to the vehicle in which the antibody was 
dissolved or [0 imerference with the RLA. The mechanism of the 
enhanced PGE,; metabolism induced by the antibody remains to be 
determined. 
DISCUSSION 
The data presented here demonstrate that IL-l increases prostaglan-
din synthesis in keratinocytes just as it can stimulate its synthesis in 
several other cell types. most notably the fibroblast (15,16]' The 
quantity of IL-l required to induce a stimulation of prostaglandin 
synthesis in keratinocytes is greater than the amount needed in the 
6broblast, and the magnitude of the response is not as large [15,17J. 
However, keratinocytes arc themselves a source ofIL-l and secrete 
the hormone under basal conditions in vitro [3,18J. so one could 
speculate that keratinocytes may have a higher threshold [0 stimula-
tion by IL-l than cells that do not synthesize IL-1. The smaller 
magnitude of the response may be accounted for by the experimen-
taJ conditions, which were selected to make signi6cant changes in 
prostaglandin synthesis easy to detect but do nOt optimize IL- t 
receptor expression. Blanton et al have shown much less IL-l bind-
ing aC(ivity in confluent cultures than in undifferenciated (non-con-
fluent) ones, presumably because of increased receptor present on 
the surface of the undifferentiated keratinocytes 1191. Quantitation 
of a significant increase in prostaglandin synthesis in response to 
IL-t would be difficult to document in non-confluent cultures, 
however, because basal PGEl synthesis is very high under these 
conditions r20]. and the degree of confluence (which correlates 
closely with rhe associated synthesis of PGE.V can be quite variable 
from culture to culture. 
The stimulation of PG~ synthesis by exogenous IL-l in kerati-
nocytes suggests a role for IL.-l in the endogenous regulation of 
keratinocyte prosuglandin synthesis. Whether endogenous IL-t is 
in part responsible for the increase in prostaglandin synthesis that 
occurs after UV exposure is unclear. The evidence presented here 
lends some support to this possibility. In addition to synthesizing 
increased quantities of PGE:z ill response to exogenous IL- t, ketat-
inoytes irradiated with UVB have incremental increases in released 
IL- t, which correspond to similar increases in PGE:z synthesis, in 
response to the light. The time course of accumulation of IL-t and 
PG~ in the medium also fit well with a cause-and-effect relation-
ship. The quantity ofIL-l released after UV irradiation is capable of 
inducing stimulation ofkeratinocyte PGEz synthesis when supplied 
exogenously; however, the magnitude of the stimulation that re~ 
suits is only 30% of the total PGE2 synthesis that is induced by UV 
light even when the quantity of exogenous IL-l added is tenfold 
greater than the maximum quantity released by keratinocytes. 
Thus, endogenous I L-l synthesis may in part be responsible for the 
increase in PGEz synthesis that occurs after UV exposure. although 
other factors must playa role as well to account for the magnitude of 
the increase in prostaglandin synthesis observed. Unfortunately, 
demonstration of endogenous regulation of PGE: synthesis by fL-t 
utilizing anti-IL- t antibody was not possible in kerarinocytc cul-
tures, because the antibody itself can stimulate PGE:z symhesis (data 
not shown). 
In studies using macrophages. several authors have shown that 
the synthesis ofPG~ after stimulation of resident peritoneal macro-
phas;es with LPS results in inhibition of IL-t release by the cells 
18,9J. Although not all investigators have been able to con6rm this 
relationship in macrophages [20J, we looked for an analogous sys-
tem in the keratinocyte, where PGE1 synthesis induced by UV 
exposure might inhibit subsequent IL-l release. However, the data 
presented here do not surport this theory, because no signi6cant 
change in the quantity a IL-l released by the cells was observed 
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after treatment of UV -irradiated cultures with indomethacin or 
after addition of exogenous prostaglandins. 
In summary. the data presented here show that IL·l can increase 
the prostaglandin synthesis of keratinocytes, a cell type which is 
itself a source of the hormone. Indirect evidence suggests that en-
dogenous I L.- t may regulate keratinocyte prostaglandin metabo-
lism; however, de6111tive data con6rming this regulatory mecha-
nism arc still needed. 
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